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An experimental investigation of the relative effective- 
ness of several "baffle types in promoting velocity and temperature 
mixing of a cold air stream concentric with n hot gas stream, has 
been conducted. Based on a ratio of centerline mixing attained to 
pressure drop resulting, only one baffle type, that of stub wings 
projecting into the mixing chamber, proved more effective than a no- 
baffle configuration. Ignoring pressure losses, however, screen- 
type baffles produced better velocity mixing, but very poor 
temperature mixing. 

Based on velocity potential core lengths (the axial 
distance the hot central gns maintains its initial velocity) and 
comparing with known results for isothermal velocity nixing, the 
effect of compressibility, contrary to other invest? gators, appears 
to bo an improvement in velocity mixing. 

That temperature diffuses more rapidly than velocity, 
when baffles do not obstruct the flow, e conclusion reached by 
several other experi mentors, is verified by the single baffleless 
configuration tested. 

Th« investigation was conducted under the auspices of the 
Mechanical and Aeronautical Engineering Ueparteents of the University 
of Minnesota in cartisl fulfillment of the reeulrements for the 
degree of tester of Science. 
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Proper mixing of fluids under various conditions is 
important in that the design of such items os combustion chambers# 
mixing tanka* jet pumps, and thrust augmenters# depend to a great 
extent on obtaining or preventing mixing of fluids. In particular# 
according to Oodsey end Young (H©f. 1); 

Although normal forasity of temperature distribution 
my have only small effect upon cycle efficiency# it is 
essential that good mixing be obtained in. order to avoid 
undesirable stratification in the gas flow entering the 
turbine blading. Excessive stratification can result in 
local hot spots in which permissible temperature limits 
may be exceeded by several hundred degrees. 

According to Hef. 2, the mixing of gas streams can bo 
accomplished by several methods as follows; 

(a) Mixing by Eioleculnr diffusion across boundaries of the 
streams. (Laminar Plow). 

(B) Mixing by random turbulence. 

(C) Mixing by induced turbulence: 

(1) baffles or obstructions in joined streams. 

(2) Cross flow of streams. 

(3) Stirring jet. 

(4) Interleaf ing. 

(5) Elbow in joiaod streams. 

Of the above# (A) is far too slow to be of practical 



significance in combustion chamber work# end (3), while eventually 



effective and considerably faster than (A), would require an 
excessively long secondary son©. (C), while most rapid and 
effective, involves larger pressure losses than either of the 
other two. Some phases of (C) are amenable to analytical solution: 
the pressure losses associated with the nixing of the two streams 
are functions of the momenta of the streams, but the penetration 
n ad nixing of & cold air stream into a hot stream introduces 
density and other property changes in the fluid which complicate 
the problem. 

Suraerous investigators have studied the problem of mixing 
from both the theoretical and experimental viewpoint; various 
combinations of the variables involved in mixing, such as initial 
temperatures, initial velocities, with or without secondary moving 
streams, turbulence levels, and * turbulence promoters* have been 
utilised in testa. 

/ccording to Ferrari (3©f. 3), th* important concept of 
mixing length, 1, is analogous to the molecular mean free path in 
the kinetic .jras theory. Mixing length 1 may be defined as the path 
normal to the lines of flow which the particles can truce out and 
still maintain thair individuality, i.s., without assuming the 
physical characteristics of the medium in which they are immersed. 
Prandtl and his associates assume that throughout the path 1 each 
fluid particle maintain* its momentum. Taylor objects however, and 
says that the instantaneous pressure differences may cause the 
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velocity of displaced particles to vary* find therefore it is more 
logical to assume that it is tins vsrtlclty, upon which the 
instantaneous pressure distributions have no effect, that is 
maintained constant. 

Shapiro and Forrestal (Bef. 4) and Cleeves and Soelter, 

(Kef. 5) present excellent tabular summaries of the theoretical 
and experimental work accomplished in the fluid mixing problem. 

Squire (R#f. 6) has outlined the various theoretical approaches to 
th© nixing problem. Forrestal and Shapiro based their "Momentum 
and Mass Transfer in Coaxial Gas <Tets H (E<*f. 4) on the work of 
Squire and Trouncer (Sef. ?), and arrived et several important 
results and semi-empirical equations to define the mixing zone. 

Stanley Corrsin has prepared several papers on the study 
of Jet flow, utilizing a primary flow in motion but a stationary 
receiving fluid, temperature &r.d velocity profiles being obtained, 
(kefe. 8, 9. ^.nd 10). He concludes that temperature diffuses more 
rapidly than velocity. (Hef. 8). That heat diffuses more rapidly 
than velocity is verified on a qualitative basis by the modified 
vo rt icity— transfer theory, whereas the momentum transfer approach 
produces identical curves for velocity and temperature distributions. 

A recent investigation by Buegg and &lug (Bef. 11), that 
included an experimental study of tha temperature mixing of primary 
flame gas and secondary air. produced several interesting conclusions, 
huegg and Klug found, in general, a constant potential core length 



for temperature, regardless of velocity ratio. They also indicate 
that the effect of compressibility is to retard nixing. In 
addition, verification of the faster diffusion of teo^erature in 
coagjcrison to velocity is found. 

The effect of various beffles placed in the streams of 
moving gfrtes in order to induce turbulence to promote mixing h«s 
also been investigated to some extent. 12, 13, 14, 15, 16, 17). 

The California Institute of Technology conducted several experiments 
to determine the mixing resulting from the use of variously shaped 
holes to introduce secondary air into the primary stream in a 
combustion chamber. It was found that slight changes in the shape 
of the holes reduced pressure drop across the holes about thirty 
percent without any appreciable effect on the mixing (Kef. 17 and 18). 
■Folsom and Ferguson (Eef. 14) found that a propeller was more 
effective than jets in promoting nixing of liquids in & large tank, 
d. L. Larson (H«f, 12) found that a spiral placed In refrigerant 
evaporator coils, when using Freon 12 as the fluid, produced 
turbulence, to cause accelerated heat transfer, with a lower 
pressure drop than other types of baffles tested. The same result 
hod previously been found by Seigel when a liquid was used ns the 
fluid (aef. 13). 

Thus it may be seen from this brief introduction that 

the mixing and turbulence problem is not an untouched ones on the 
contrary, the ample literature on the subject, with many 
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investigators seemingly In disagreement with results of other 
investigators, Indicates that experimental aeons must generally 
"be utilized to predict adequate airing, with as short a mixing 
chamber length as possible, and with ainlma pressure drop. 

This latter statement, then, broadly defines the 
problem studied in this experiment. In particular, the relative 
effectiveness of various baffle arrangements in promoting mixing 
of ft hot gas with cold air, under steady flow conditions, is 
investigated by scans of temperature and velocity surveys of the 
mixing region. 
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GrYXMUL pgscaipfia* 

figure I is a schematic diagram of the apparatus used in 
this investigation. Photographs of the equip sent components are 
Figure# 2a to 2f, inclusive. 

The apparatus consisted of a dual air supply system 
capable of supplying air to primary and secondary lines. Measure- 
ment of the two mas rates of air flow was accomplished through 
standard A.S.M. . square-edged orifices with radius pressure taps, 
in accordance with lief. 19. 

The priaory flow, supplied by the building sir compressor 
system, passed through & two inch standard pipe to a rectangular 
by stainless steel “heater box* which was supplied with 
acetylene gas for combustion in the excess primry air in order 
to heat the primary sir. The heated excess air and products of 
combustion left the heater box through a email section of two inch 
pipe which was then reduced to a one inch inside diameter pipe 
through a standard 90 degree reducing elbow, The one inch lino then 
passed through a small circular ' ? sde.pter l, tank, one end of which 
was connected to the round secondary air flow line and the other 
end to the square pre-tost section. The primry line then ejected 
into the center of the test section cs a free jet. 



- 9 - 



The a eeon&ary air, supplied "by an engine driven compressor 
in the teat cell, exited from the compressor through a manifold to 
n 6 s diameter pipe which was bolted to the circular adapter tank. 

The air then exited from the adapter tank to the square pre-test 
section where an 18 mesh wire screen was placed across the flow 
(and around the orisary line) in order to assure as uniform a 
turbulence distribution (isotropic) as possible, The secondary 
air then flowed into the square test section, surrounding and 
concentric with the primary air. 

It should be noted that although two small turnbucklcs 
to support and adjust the primary pipe were located about one inch 
downstream of the wire screen, there were no obstructions to the 
flow of primary or secondary air for a distance of about 13 inches 
prior to the test section zero point, located st the end of tne 
primary line. A six degree taper on the outside wall of the primary 
line at its free end, was used to prevent excessive separation, 
with resultant eddies in the flow, as the secondary air passed by 
tho end of the primary pipe. 

The teat section itself consisted of a six inch sojxare 
cross-section, ? ft. 4 inch lonr duct, constructed on three sides 
of 16 re age sheet metal, and on the fourth side of twelve inch 
long, 13 gauge sheet metal sliding panels, which rod© in grooves 
tr. give a tight fit. This sliding panel r.rrr.ngeissnt was neceserry 
in order to long! tudl nelly position the four inch, long sheet metal 
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measuring plate, which contained a total head tube, static pressure 
tap, and an iron-constantan thermocouple, in the test section as 
desired. ’The usable length of the teat section {from the point 
where the primary line ended to the duct exit) was 73 inches. The 
end of the duct was open, but a large sheet rcetal ’’funnel** 
effectively collected the warm gases and passed them to an 
exhaust manifold tc be handled by the test cell exhaust system. 

TFT 7 . AlHgLOtf S'/STSH 

The primary air was supplied by permanent compressor 
installations located in the Mechanical Engineering Building. The 
basement unit stored air in a 30 ft. tank at a pressure of 100 psi., 
and the smaller dynamometer room unit supplemented the basement 
supply when the pressure dropped below BO psi. Control of the 
prin&ry air was accomplished by use of a gat© valve located 
upstream of the heater box and primary measuring orifice. An 
extension on the valve handle permitted control to be exercised 
at the test section itself. 

The secondary air was obtained from a permanent 
installation located in the turbine test ceil of the Mechanical 
nginsering Department. A gasoline powered Lycoming Model 0-435- ? 
air cooled Army tank engine, rated at 162 H.P. at 2BOO r.p.m. , 
drive* a centrifugal compressor. The compressor is a 7.4B:1 gear 
ratio supercharger taken from an Allison Y-171G Aircraft engine. 
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Blower speed can be accurately controlled by throttling the 
engine. (See Fig. 2a). 

An iron-cons tantan thermocouple and a standard A.S.M. . 
square-edged orifice is aounted upstream of the blower inlet to 
permit mss rate sir flow calculations. 

H -Anta UK I? 

the furnishing of an adequate and dependable supply of 
heat for the primary air turned out to be a problem. At first it 
was desired to use electrical energy to heat the air so that 
products of combustion would not be one of the mixing gases and 
because this source of heat is easier and cleaner to handle. 

Hence, two different 220 volt electrical heating units wore 
constructed, one using nichrosee wire B Glo-Coils B across the flow 
and the other using individual niebroae wire coils in hollow 
porcelain tubes parallel with the flow* both units consisting of 
ten circuits concocted in parallel. Both units burned out after 
about ton minutes operation at the required primry mss flow 
rates, the ni chrome wire itself burned or broke in both cases. 
Sufficient data was not obtained using the electrical heaters and 
nil data reported herein was obtained using a combustion type heater. 

It was decided that, in view of the limited experimental 
accuracy possible with the equipment available, there would be no 
significant errors introduced into the Investigation by using hot 
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gases of combustion with excess air as primary flow, instead of 
just pure heated air. Hence a combustion type heater box was 
desired and constructed. See Fig. 2b. A fourteen inch long 
stainless steel box of in. by 4^ in. rectangular cross 
section was flanged and coupled into the primary lino downstream 
of the primary measuring orifice. A 3/8 inch steel pipe was 
inserted across the heater box, one end being connected to an 
©cotylene supply line end the protruding end being capped. Fire 
0.0520 inch diameter holes, one Inch apart, were drilled in the 
downstream side of the fuel pipe to admit the gas. Ignition of 
the acetylene-air mixture was accomplished by a Rl-Voltoge Harness 
tester (P.W.A. 2687} operated sparkplug, the spark gap being 
located 3 inches downstream end level with the center fuel hole. 
Besides the high and low pressure valves end pressure gages on the 
acetylene tank itself, located outside the test cell, there were 
two other valves on the acetylene line. One, a solenoid operated 
valve, was located at the tank engine control panel, and the other, 
a hand operated valve in the copper acetylene line, was located 
at the test section for emergency use only. 

Cochus tioa in the tester box appeared excellent, and 
the temperature used in the experiment was by no seans the maxima® 
possible. A temperature of 500 to 550 degrees Fahrenheit for the 
primary air at the beginning of the mixing region was chosen as a 
c ^promise between the need for lower temperatures for ease in 
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handling test equipment, and the need for a tempera turo hot enough 
to give good measurable temperature differences between primary and 
secondary air, at the beginning of the mixing region. Acetylene 
masa flow was estimated to be about l/dOO of primry air flow. 

The total pressure in the test section was measured by a 
0.03S inch 0.3. total head tube of the Kiel type, which had a 
Venturi shield surrounding the tube tip to insure flow normal to 
the 0.017 I,D. tube opening. The pitot tube shaft was a inch 
0.3. brass tube which was mounted in en 18 gage four inch wide 
sheet metal sliding panel through a leakproof packing gin no. The 
panel also contained a l/8 inch static pressure orifice. 

To simultaneously measure the tosporature and the total 
pressure at any chosen point, it was necessary to use S. and S. 

30 gage iron-constantan thermocouple wire. A 8 j§aii hole was drilled 
in the pitot shaft about one inch from the Kiel tube end, and 
another hole was drilled in s small piece of copper tubing soldered 
onto the outer end of the shaft. A very email thermocouple bend 
was made on the inner end of tho thermocouple wires (using a aercury 
pool electrical resistance nethod) and the bead wns dipped in 
molten silver to possibly reduce radiation losses. The ends of 
the thermocouple wire were then led into the upper drilled hole, 
through the pitot shaft, and back out the lower hole. After 
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positioning the bead directly behind but about l inch downstream 
of the rear of the Venturi shield, the two lead in holes on the 
shaft were carefully cemented vith Sauereisen electric resistor paste 
cement number 78 to prevent any air leakage. The thermocouple leads 
were run to a rotary thermocouple switch at the test cell control 
panel. 



Rubber and copper tubing carried the total pressure from 
the Kiel tube shaft to one side of a veter-filled well-type manometer 
located at the control panel. The static pressure tap was led to 
a valve at the control panel which, in one position, placed, static 
pressure in the test section on the other side of the manometer 
mentioned above, so that the dynamic pressure * 0 ,“ was available; 
the static pressure valve in the second position put static pressure 
on one side of an inclined water-filled manometer, the other side 
being open to the atmosphere. Thus, total static, or dynamic 
pressures were available for any position of the measuring probe. 

The static pressure was assumed constant across the test section 
&t say point, in accordance with accepted theory rad practice, 
headings obtained with the test Kiel tube were checked against 
readings obtained by a larger, unobstructed tube, and agreement 
was satisfactory. 

The primry air was swterod by an A.S.h.T. standard 
square edged orifice plate located between a 90° elbow following 
the gate valve and the heater box. The diameter of the orifice 
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was machined to 1.013 inches, giving a ratio of orifice diameter 
to pipe diameter of 0.508 inches. One-fourth inch radius tape for 
measuring the pressure drop A *p across the orifice were in 
accordance with a.S.M. E. standards. An lron-constantan thermocouple 
was inserted 4? inches upstream of the orifice. Copper tubing 
was used to connect the pressure taps across a water filled well 
type nanometer, and the upstream tap was aleo connected to a 
mercury filled well-type manometer to provide upstream static 
pressure men sureaents. These two mono meters were located in tiie 
tost cell, near the test section, so that the primary air could be 
kept at a desired flow rote by the operator at the test section. 

See Tig. 2c. *he thermocouple leads were led out to the rotary 
switch at the control panel. 

Secondary air was nlso metered by an A.S.M.S. standard 
square edged orifice plate with radius taps and an lron-constantan 
thermocouple, this orifice diameter measures 5.600 inches, end, 
located in an eight inch diesseter duet, the diameter ratio is 0.7. 
This orlfioe plate is r permanent installation for the blower and 
was already in place. *he pressure drop across the orifice was 
measured on e well- type water filled manometer located at the 
control panel. The thermocouple lends were also led to the 
rotary switch at the panel. 

One other iron-cons tantart thermocouple was made and 
used to measure the primary sir temperature at a point about 
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35 inches upstream of the beginning of the mixing region. This 
temperature reading was necessary in order to monitor the 
operation of the henter unit. It was this thermocouple, in fact, 
that first gave indications of the approaching failure of the two 
discarded electrical heater units. The leads from this thermo- 
couple were also taken to the rotary switch at the control panel. 

A Leeds and Korthrup Potentiometer Indicator was 
connected to the rotary switch at the panel, and tempera tores, 
in degrees Fahrenheit, were rend directly on the indicator according 
to the chosen switch position. The low scale, with divisions for 
each two degrees of temperature, was used for all readings below 
500° F. See Fig. 2d. 

baffles 



A total of three baffling systems wore made and placed 
at various positions in the airing region. See Fig. 2e 

The airfoil baffle system consisted of four hand-made 
stub wings, chord of one inch, span of 3^ inches, Clark-Y section, 
no twist or taper, rectangular tips, and made of stainless steel 
with » in. thick flange at one end for counting. The wings were 
mounted at an angle of attack of 10° in n square steel bracket 
( in. wide and “g in. thick) that just fit the perimeter of the 
test section. The chord lines were parallel with the flow, end 
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the free tips of the wings were long enough to Just meet the 
extended "boundary of the one inch priarry pipe. See Fig. 2f . 

The chosen angle of attack was a compromise between tho necessity 
for large angle for high lift ^nd hence large tip vortices to 
promote airing, end the need for low angle of attack for small 
drag, and consequently lees pressure drop across the baffle. 

Screws were used to secure the bracket in the test section at three 
different positions. The upstream edges of the l/8 inch thick 
bracket were slightly rounded so that ss little disturbance ss 
possible would b© caused by th© bracket itself. 

The screen baffling system consisted of two layers of 
18 mesh copper wire screening, mounted on either side of the square 
bracket used for the airfoil system. Thus, in effect, screening was 
placed across the mixing region st two points, l^r inches .sport, for 
each of the three positions of the baffle systea. 

the third baffle system was a combination of the two 
described above, the screens being placed around the bracket after 
the wings were mounted in the bracket. 

A small slot was mad© on one side of the bracket and in a 
small section of the screen to permit the measuring probe to pass 
to either side o? tho baffle systec. 

*he longitudinal uositions of the baffles as reported 
herein (one, four end seven inches from the beginning of the 
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mixing region) refer to the position of the canter lino of the 
baffle bracket. 

MdC LI AT' -PC'S ATPAIUTOS 

In order to define the centerline of primary flow through- 
out the test section, a small diameter steel wire was secured 
about 35 inches upatreea of the primary pipe exit, end extended 
throughout the test section to its open end. One post of 0 six 
volt battery was connected to the upstream end of the wire (inside 
the primary pipe) and the other post wa3 connected, when needed, 
to the total head tube shaft. *l‘he wire was so centered that when 
the Venturi shield of the tube touched the wire, the circuit would 
be closed and light a six volt lamp* indicating a centered lateral 
position of the total head tube. Calibrations every 0.2 inch on a 
positioning plate then permitted lateral placement of the measuring 
tub© with its attached thermocouple. 

United adjustment of the test section itself about the 
center line of primary flow was made possible by the several test 
section duct supports. Limited vertical saovemnt of the total head 
tube shaft for adjustment to the center line, »s indicated by the 
six volt Insp, was e.ccos?plished by slotting th® opening in the 
measuring panel and allowing a sanller outer plate, which held the 
packing gland and its pitot tube, to sore up or down. ?he static 
pressure tap rctnained fixed in th© four inch sliding panel. 
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Sound powered telephone headsets enabled the operator 
at the tost section to ccEsnunicnte with the control panel 
operator. 
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After the equipment h®d been made nad assembled, joints 
*tnd fittings were tested for leaks. The manometers were checked, 
and the fluid levels held steady under a constant pressure. 

Ia order to ox-saine for leaks in the primry piping with 
its heater box, a rubber cork was inserted in the end of the primary 
line and the gate valve opened; there wss negligible pressure drop 
across the primary measuring orifice even at upstream pressure 
values hiifdher than that to be used during the teats. Hence it was 
concluded that the flow rates calculated from the censuring orifice 
would not have to be corrected for losses. 

The primary orifice plate, being newly constructed for 
this experiment, was checked for reliability by comparing velocities 
st the primary pipe exit; the velocities, as calculated from center- 
line dynamic pressure readings at the primary exit, were checked 
against the velocities that should exist if the mass flows, as found 
from the primary orifice readings, were correct. The agreement was 
within 0.3 percent at the higher velocities and mass flow rates used 
in the actual investigation, and within 2.7 percent at lower velocities 
and mss flow rates. It should be noted that this orifice 
calibration was made with ucheated primary air. 
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The initial teat using the apparatus was primarily « check 
on serviceability and accuracy of instrumentation, tho configuration 
being that of isothermal mixing without baffles. A limited number 
of velocity surveys of the mixing region showed the results to be 
in excellent agreement with that found by other investigators 
(£®f. 4 and 20) so it was concluded that the designed apparatus 
would bo satisfactory for the present experiments. 

?he next two runs (heated primary but no baffles, and 
heated primary with wing baffles at one inch, data for which is not 
included in this report) consisted of temperature and. velocity 
surveys across the mixing region at eight different points along 
the teat section. The temperature and velocity profiles normal to 
the flow were adequate for comparison of results, but it was felt 
that more information regarding behavior of centerline flow values 
would be required to satisfactorily depict the relative effective- 
ness of the baffles to be used. Hence, as time did not permit the 
desirable expediency of Increasing the number of complete flow 
traverses, it was decided to sake only four traverses normal to 
the flow (one at the beginning of the mixing region, one that 
would be near the presumed potential core, rnd two downstream of 
the core), and to increase to twenty the nuriber of centerline 
investigation points. 

Although it would have made for sore uniformity to conduct 
all experimental runs in a single day, the number of test 
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configurations mde it impossible. Thus th© final data, as 
reported herein, was obtained during three separate running periods! 
the no baffles, and the three wing baffle (at three different 
locations in the teat section) configurations were first tested; 
next the three runs using the screen-plus-wing baffles, nnd 
lastly, the three screen baffle runs were mde. Static pressure 
values for the wing baffle and no-baffle conf igurations wore 
rechacked the day following the actual runs because a taore accurate 
inclined mnoseter for reading static pressures was substituted. 
Agreement ui th the previous static pressure values was within the 
accuracy of the instruments used. 

Before starting the test runs, the engine was warmed up, 
then the acetylene and spark were turned on with the primary air at 
the mass flow rate to be used for the test. After combustion was 
initiated and the spark turned off, th© acetylene low pressure valve 
was adjusted until tho reference thermocouple in the prirriy line, 

35 inches upstream of the primary exit, reached a steady value 
that experience showed would produce a temperature of about 5115 to 
550 degrees f. at the end of tho primary pipe. This upstream 
reference temperature was continuously rend and recorded during 
the tests. A pressure rending of 5 to 6 psi. at the low pressure 
acetylene valve was found necessary to maintain temperature. 

Sotse attempts were mede to meter the acetylene through a flow- 
rator, but the flow was much too small to be road with available 
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equipment, By weighing the acetylene tank before and after a run 
it wes found that, roughly, the mass flow rate of acetylene was 
only .000115 lbs. /sec. as compared to the average mss flow rate 
of prisrry air of 0.046 lb. /sec. 

In order to facilitate adjustment of the primary and 
secondary air flows, a series of curves (for various upstream 
orifice temperatures) of mass rate of air flow versus the product 
of pressure drop (in Inches of water) across the -articular 
orifice, times the upstream static pressure at the orifice (in 
inches of mercury) were plotted. Included on the souse plots were 
another series of curves (for various temperatures of the primary 
or secondary flows et tho beginning of the test region) of mass 
flow rate versus velocity at the beginning of the test section. 

A sample of these curves, for standard atmospheric pressure, ere 
included in the Appendix as figs. 19 and SO. 

fig. 21, also in the Appendix, is an oxaaole of the 
curves used to convert dynam ic pressure q, in inches of water, to 
flew velocity for various temperatures. 

Maintaining the desired flow rates was not difficult 
because of the relatively lew values used. Although it would have 
been much more desirable to non ell the tests at higher flow rates 
than those used# in order to have higher dynamic pressures in the 
test region for better accuracy in seasuresents (six to seven inches 
of water was the highest dynamic pressure recorded), it was not 
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possible because of the limitation on the primary air supply. 

Higher m^ss flow rates would have resulted in inadequate primary 
flow long before a particular run could be completed, with the 
resulting necessity of burner shutdown and subsequent difficult 
readjustment to the exact flow and heat values prevailing during 
the completed part of the run. As a result* the accuracy of the 
static pressure values* and of the smaller dynamic pressure values* 
is questionable. 

All test runs were made with flow rates, temperatures, 
and initial velocities as nearly the same as possible, but some 
variations were unavoidable. However, in view of the dimensionless 
character of the final results obtained, and considering that the 
variations in flow parameters were not excessive, it is felt that 
qualitative comparison of the results is justified. 



Discussion t? nssuiffs 






Locations in the mixing region are defined by the 
dimensionless coordinates of X/D for positive distance downstream 
from the primary pipe exit* and Y/Ti for distances normal to the 
flow direction, fro* th© zero value &t the center of the primary 
pipe. Thus* the station nt the boundary of the primary pipe at 
the beginning of the airing region is X/i> = 0, and Y/V = 0.5. 

The dynamic pressure readings** with the simultaneous 
temperature values at the various points in the mixing region, were 
converted to velocity values in ft. /sec. Values for primary 
undisturbed flow velocities for the various runs were chosen ns 
the values obtained at X/I> a 0 and Y/D s 0. These velocities were 
higher by 4.7 percent with heat, but no baffles, and by as much as 
9 percent with acroon-plus-wing baffles, than the primary velocities 
as computed from orifice measurements. The discrepancies were due, 
of course, to the profile of dynamic pressures end temperatures 
existing in the stream at X/D - C. The profiles of temperature and 
velocity for the no-baffle configuration are presented as Fig. 3. 
That the discrepancies between the predicted and actual centerline 
velocities were not larger than they were, is probably due to th© 
fact that the primary flow pipe contained two right angle elbows 
in the line between the heater box and primary exit, which produced 
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Bcrno turbulence, with resultant smoothing out of teasperafcures end 
velocities. The teapor&tare grndisnt across the vail of the orimary 
pipe, where the secondary air ves surrounding it, probably accounts 
for such of the velocity and temperature variations that did exist 
at X/X? s 0. A lso» it is probable that the baffles in the flow 
introduced velocity variations upstream toward the beginning of 
the mixing region. 

It is felt that choosisjg the lesser primary velocity (as 
predicted from flow rates) rather than the centerline value would 
not have resulted in as fair a comparison of the various baffled 
configurations. Only centerline values of velocity and temperature, 
obtained nt the six-^olt center wire position, were measured, 
except at the four X/li stations of 0, 8, 1?, end 20. At these 
stations complete traverses were n&de across the flew, readings 
being taken every 0.2 inch, plus a reeding st 1/8 = 0.5. 

so ak¥?LX co~i;mifiuyio;; 

The no-baffle configuration was tested primarily to 
provide a reference for the baffled runs. Kence, the various curves 
obtained are redrawn on the various baffled conf Igurciion graphs. 

The data, as recorded and computed, is presented as a sample data 
sheet-. Table II (Appendix). 



The results of the no-baffle run, however, aro intsreating 



In the light of conclusions drawn by other investigators 
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compare shapes of velocity and temperature profiles normal to flow 

direction, Forrestal and Shapiro (def. 4), studying isothermal 

velocity end mss mixing, fully normalised the velocity profiles 

hy making plots of the dimensionless ratios of against r/r e , 

c s 

nad found that these curves remained essentially unchanged at any 

X/D station beyond the potential core. They farther found that the 

curves closely resemble a cosine curve defined oy rr-^a = / co°>2L. jp . 

c s r - r m 

O.ven with heated primary air, it can ho seen from Fig. 4a that the 
cosine curve is a good comparison with the normalized velocity 
profiles plotted for K./D s 12 and 20. The divergence of the 
experimental points fro® the theoretical at the greater values of 
r/r m my he due to the Halted accuracy of measurements of tho low 
dynamic pressures with resultant difficulty in choosing the correct 
r value. 

fl 

SiEilnr normalised temperature profiles were also made at 
X/B - 12 and 20, as shown in Fig. 4b. Agreement with the cosine 
curve is good, only slight divergence resulting at the greater 
r/r a values. Huegg and Xlug (*'-ef. 11) found that their temperature 
profiles showed greater divergence from the cosine eurve, the 
further downstream the profile w^-s made, and approached a 
distribution predicted by Tollseln. the curves shown herein also 
show a greater divergence for the profile at X/B s 20 than at 12. 

It is interesting to note that ths values of r m , obtained 
for the velocity and temperature profiles at l' 1 and SO, also verify 
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the ’’accepted** conclusions from other Investigators that temperature 
diffuses more tepidly than velocity. Thus, r B (velocity) is 0.5 
end r ( tcEpcmture) is 0.8 at X/D » IS, and, at X/D =20, the 
values are 0.7 and 0.91 for velocity and temperature, respectively. 



Axial mixing, in accordance with accepted literature, is 

n « »rj m ^ 

compared by using the dimensionless quantities -C _ -S or SJLJJi with 

V'C V*. 

the view that a 4®* in a general stream would mix and eventually 
approach the properties of the stream. Thus, a value of zero for 
this parameter would indicate 100 percent mixing. forreatal and 
oh&piro, for the case of isothermal velocity mixing, found this 
ratio to have a value of unity up to the end of the potential core, 
indicating no change la centerline velocity, and then a decrease 
in the value of the ratio in inverse proportion to axial distance 
downstream of the potential core; i.e.. 



u c- u . 



for x/:> 7 



They further concluded that the X/2 value for the length l> 
of the potential core can be sporoxismtely expressed «# I* s 4 / 12 a , 
where /? is the ratio of secondary to primary velocity. For a 
velocity ratio of 0.407, based on centerline value of primary 
velocity for the no-baffle configuration, the equation would give 
L = 8.9. The experimental value, ns determined from Fig. 5, 
extrapolating the curve ©s a straight 11ns back to the zero 
“jSZStt value, gives an X/P at the end of the potential core of 

V u s 
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about 7.2, a difference of 19 percent. Although neither theory 
nor experimental evidence dictates that the relation between L 
and should hold with non- iso the rami jets, it was decided to 
check if the difference between the two value? for B could have been 
due to the high centerline primry velocity used in the co oputatlon. 
Kocalculationa of the values of u c~ u 8 , based on the average primary 

up-u s 

velocity as determined from the known primary mass flow, were made, 
the velocity ratio then being 0.45. the formula then gives a 
value of 9.4 for t. The experimental value was found to be 7.6, 
although the curvature of the plot (not included herein) was somewhat 
decreased in the potential core region, the difference between the 
two L values is again 19 percent. Hence, it nr-y be inferred that, 
based on the single non-bnffled run investigated, and comparing 
with isothermal Jet studies, the effect of the heated primary air 
is to improve the velocity nixing in an axial direction, fhis is 
not in accordance with tho conclusions of Kuegg and Klug (;*ef. 11) 
who state that the effect of compressibility is to retard nixing. 



T - r P 

? ho plot of the temperature parameter, , versus X/V, 

v *s 

as shown in Fig. 6, does not show a well defined potential core 

of temperature, but rather a gentle curvature between X/5 s 4 and 10. 

1 * — f 

However, straightline extrapolation back to the zero value ox USZjJL » 

i’ - * - 

P ^ 

indicates an X/I> of 7.0 for the end of the potential core. Beyond 
the core, the equation of the variation becomes 





L 



7 



745 
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Thus, the temperature function decreases with X/D increase 
at a rate faster than that predicted "by Forestall and Shapiro for 
the isothermal velocity function, where the exponent of the 
corresponding velocity ratio wss unity. It should he noted also 
that the value of ?, indicated herein for the temperature 
potential core, is greater than the value of 5.5 which was found by 
Ruegg and Klug to exist as a constant value for three of their test 
runs at various velocity ratios. 

STATIC PRESSURES, GMERAL 

Static gage pressures, in inches of water, as initially 
plotted for all tost configurations, produced a wave shaped pattern 
of about 0.25 in. H^O maximum variation from a mean value. 

Subsequent investigation proved the pattern to be the result of 
small variations in test section length as a particular run progressed. 
The variation in the section length was caused by the necessity of 
periodically removing the 12 inch sliding panel at the extreme 
downstream position and placing it at the beginning of the test 
section, as the four inch plate, with its probe and static pressure 
tap, was moved downstream. 

In order to remove the wave effect, it was necessary to 
find the effect on static pressures due to changing duct length. 

Hence, a static pressure survey of the mixing region was made with 
only the secondary air flowing, at a mass rate corresponding to that 
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used during the test runs. Measurements of static pressure et a 
single X/D station, as the duct length was varied, gave the required 
corrections. It was found that the corrections required varied with 
the range of duct length changes; varying duct length from 72 to 
60 inches, reduced the static pressure 0.276 inches of water, or 
an average of 0.023 in. KgO per inch change of duct length. Varying 
the length from 62 to 50 inches gave a correction of 0.0085 in. 

HgO per inch change in duct length, and changing the length from 
50 to 38 inches, produced a change of 0.007 in. EoQ per inch 
change of duct length. 

As the range of duct length changes required during the 
tests was in tho 72 inch to 60 inch range, a value of 0.026 In. 

H-Q per inch change in duct length, from a basic length of 7? inches, 
was used to correct the test values of static pressure. This value, 
slightly greater than the 0.023 value determined experimentally, was 
found by trial and error to be the best average to remove the wave 
effect from the actual test runs. The increased value used is 
reasonable in that the corrections required were proven experimentally 
to be larger for greater overall lengths of duct length changes. 

Figs. 7, 3, and 9 are plots of the corrected static 
pressures, in inches of wfiter, versus X/" positions, for the baffles 
located at 1, 4, and 7 inches respectively. The pressures for the 
no-baffle configuration is reproduced on each graph for comparison 



purposes 
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That s decrease In static pressure at some point in the 
duct should occur* with a decrease in duct length, is reasonable. 

With earlier expansion at the duct exit, for the shorter duct 
lengths, there is a slight velocity increase. The corrections 
that would be required to the dynamic pressure values, due to 
changing duct length, are email however, as can be shown by- 
equating mass flows for two different duct lengths. See Sample 
Calculations. Hence, dynamic pressures and velocities were not 
corrected for the changing duct length effect. 

An estimated friction drop, due to the duct walls themselves, 
vos obtained from the experimental run with secondary air only, so 
that any pressure losses would be due to friction and not from 
mixing. The average drop was estimated to be .005 to .010 inches 
of water per inch duct length, at test values of secondary mss 
flow. Applying this drop to the overall pressure drop for the ao- 
baffle configuration, gives a pressure drop, duo to nixing action 
only, of about 0.1 to 0.2 inch HgD. That this is a reasonable 
value can be verified by the conservation of momentum equation, 
using average values of primary, secondary, and aired dynamic 
pressures from the no-baffle configuration test run. The pressure 
drop, so calculated in the Semole Calculation section, is found 
to be 0.21 Inches of water. 



It was originally intended to correct the static pressures 
for the friction effects so that the pressure drops would represent 



losses due to mixing action (end baffles) only. However, in view 
of the limited accuracy of the friction drop, and the resulting 
decrease in the pressure drop for the no-baffled configuration, 
it was decided to 'record end use pressures in terms of losses due 
to mixing and friction. The doubtful accuracy of the static 
pressures becsuse of the small magnitudes, would not .Justify using 
the extreaely smo.ll pressure differences, due to mixing action only, 
for the no-baffle configuration, in any confutations. As explained 
later in this report, the pressure differences between two X/D 
stations were used as a divisor in mixing effectiveness calculations. 

h&fVL KD COBflGUfiAIISSS. G r -*?£3A1. 

The effects of placing baffles in the mixing region were 
reflected in the static presour© values, and in the lateral end 
axial velocity and teaperature distributions. All the runs wero 
made with approximately the sassa secondary and primary sas3 flows, 
(about 1.5? and 0.046 lb. of air ner second, respectively), and the 
resultant dynamic pressure at X/l) s 0 were cossparablo. The 
variations that did exist can be attributed to the higher static 
pressures at the zero position when the baffles were in the iuctJ 
a rise in static pressure upstream of a baffle would have to be 
accompanied by a corresponding decrease in the average dynamic 
pressure, providing equal mss flows produce equivalent total 
pressure levels. 
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It is not believed that flow reversal occurred at nay 
point in the test section where readings were taken, because the 
dynamic pressure values never approached *ero. A thin metal rod, 
with wool tufts attached, was probed Into the mixing region at 
v rious points, before and aft of the baffles, to allow the tufts 
to align themselves with the streamlines. Flow disturbances, while 
obviously existent from the behavior of the fluctuating tufts, were 
not producing any noticeable flow reversals, dotation of the pitot 
tube, to a position not aligned with the duct axis showed a 
greeter dynamic pressure, in several instances, when the wing- 
baffles were being tested. This increase was probably due to tip 
vortices caused by the wings. All dynamic pressures recorded however, 
were for the pitot axis parallel with the duct axis, i.e. , pointing 
into the supposed flow direction. 

BAFFLED CCJiFI GURATIOKS LATERAL VXLQCm 

Comparison of velocity distributions normal to the flow 
are not particularly informative because the velocity levels at a 
particular X/D station differed widely with the baffle configurations; 
for example, the screen-plus -wing baffle, located at X/J = 4, shows 
a centerline velocity of only 94 ft. /sec. at X/D « 12, while the 
screen-baffle has 120 ft. /sec. , the wing-baff ie 132 ft. /sec., end 
the no-baffle configuration, 160 ft. /sec. • nt the seme X/i» » 12 
position. (See Fig. 10a) This is because the velocity mixing effect 
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prior to station X/5 s has beer, very pronounced, particularly 
for the screen configurations (with their large pressure drop). 
Thus, it is not possible to say which baffle arrangement would give 
the beat lateral velocity mixing, given the same initial velocities 
at the same X/U station. 

If normalising the profiles, as previously described, 
provides a fair basis for comparison, then, from fig. 11a, the 
wing baffle at X/B * 4 configuration can be considered to give the 
best mixing, because the steeper the curve, the foster is the 
approach to a mixed condition. Due to the velocity fluctuations 
in the s e reen-p lue- wi ng baffle ecnft.mrr.tion, it was not feasible 
to normalise that profile. 

In an effort to better compare the transverse mixing, 

Fig. 12 is presented. A normalized velocity profile for one each 
of the three baffles tested are shown. The values of the center- 
line velocities and secondary velocities were approximately 120 and 
90 ft. /sec. respectively, for each of the tests at the X/D stations 
noted. The profiles are at an X/B of 12 for the screen-baffle at 
four inches, at 1° for the ving-bafflea at one inch, and at eight 
for the acreen-plus-ving baffles et four inches. The wing 
configuration appears to give a more uniform and initially faster 
approach to the mixed condition, while the two other baffle typos 
approach the fully mixed condition at n. smaller value of r/r R . 
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Thus, velocity gradients for the screen and acreen-plus-wlng taffies 
would be greeter. 



For information, the following table gives the saxlanira 
velocity at the indicated X/B stations, expressed as a multiplier 
of the minimum velocity at the same x/B, for tho vrrious runs: 





t/T) _ a J 


L- X/I) s 12 






Baffle 


At r 


At 4“ 


At 7" 


At 1“ 


At 4" 


At 7" 


Wings 


1.77 


1.98 


2.26 


1.33 


1.41 


1.7 


Wings and 
Screens 


1.28 


1.33 


1.21 


1.14 


1.18 


1.13 


Screens 


1.4 


1.49 


1*86 


1.39 


1.33 


1.24 



£Am«D CDSHOUMflOHS—UritAL «W?*iUTOJ«i BISIHlBUTIUh 

Comparison of temperature profiles ore also difficult 
because of the temperature levels at a particular X/.0. Fig. 10, (b), 
shows the actual profiles at X/B - 10, with the three bafflss 
located at X/X> 2 4. Comparison with the no-baffle curve, also 
shown, indicates that, of the baffled runs, only the wing-baffle 
produced a uniform mixing tendency. The screen configuration, duo 
to poorer axial te^serature mixing upstream of X/l) 2 12, shows a 
centerline temperature almost 140° ?• higher than tho no-baffle 
configuration, while the screen-plus-wing baffle run produced a 
temperature, at Y/B - C.4, higher then its centerline value. This 
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essse result was noticed in the two other screen-plus-wing baffle 
rune* but the reason for the variation is not clear. If it were 
due to the tip vortices from the wings, one would expect to find a 
similar temperature increase away from the axis when the wings were 
tested alone. However, this effect was found to a minor degree la 
only one run using the wing-baffles alone. This was at X/3 stations 
of S and 12, with the baffles located at X/£ - 7. If the higher 
temperature had been found ©t a lesser value of Y/P, the discrepancy 
could have been attributed to mal-posit losing of the probe, but it 
is not very likely that nn error of 0.3 to 0.4 of an inch ia f/P 
positioning of the probe could have been consistently made for the 
three scree n-plus-wing runs. 

normalised temperature profiles for the wing-baffles and 
screen-baffles at 4, inches, ©re shown in l*ig. lib. Good agreement 
with the cosine curve is noted at the smaller r/r 3 values. At the 
larger values, the curve for the wing-baffles approaches the mixed 
condition faster than the cosine curve, while the screen confi/piration 
shows a slower approach to the zero temperature difference ratio. 

It appears that the effect of the screens is to equalize 
the pressures ©cross the test section, while having little effect 
on the teasperatures. Thus, th© velocities, being proportional to 
the square root of th© dynamic pressures and to the first power of 
absolute temperatures, nr© quickly equalized. 



SJd?VL£D COSFiaUilATlONS^AJUAL VELOCITY mSTitfaU?lOa 



figs. 5, 13* and 14 are log-log plots of the velocity 

parameter versus X/D position, for the various runs, with 

P S 

the baffles located at X/I3 s 1, 4, and 7 respectively. The no- 

baffls curve is shown on each graph for comparison. In all cases, 

the baffles improve velocity mixing as coepared to the no-baffle 

run. The location of the end of the potential core was greatly 

influenced by the position of the baffles, especially when tho 

screen or aereen-plus-wings were used. It is noted that the curves 

begin to diverge from the near unity value of u c“ tt 8 about one 

u p“ u s 

inch upstream of the baffle location for either screen-type baffle, 
and about one inch downstream of the baffle location for the wing- 
baffle configuration. In other words, the wings are not as effective 
in promoting velocity mixing if the large pressure losses inherent 
with the screen arrangements are not considered. The screen-plus- 
wing baffle runs approach the aired condition more quickly than 
any of the other runs. The curves ore such more regular for the 
wing-baffles, and beyond the potential core the rate of decrease 
of u c" a s , with increase in X/D, is very nearly the ease as for 

V U * 

the no-baffle configuration. The wing-baffles seem to shorten the 
potential core and then permit normal mixing to occur. 

Correlation of the pressure drops with the percent 
nixing attained, will be discussed after the axial temperature 



distribution is considered 
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Ti'— T« 

?igs. 6, 15, and 15 are log-log olots of *7-^^* versus 

p"* *6 

■v/l> for the throe baffle typos located at X/D s 1, 4, and 7 
respectively. Amin the curve for the no-baffle run ia included 
for comparison. 

Here, the only baffle at all effective in bringing the 
streams to & coaunon temperature is the win/t configuration at nil 
three locations used. With the baffles at X/D = 7, the mixing: 
action is only slightly better then the nc-baffle arrangement, end 
located at X/D = 1 snd 4» the effect of the wing-baffles appears 
nearly equal, but considerably better than the no-baffle run. 

An interesting trend is noticed when the acreen-plus-wing 
baffle curves ere compared with the screen alone curves. In all 
three baffle locations, the screen-plus-wing arrangement shows an 
initial attempt to give good temperature mixing, probably due to 
the action of the wings. However, at about six inches after the 
baffle position ia each cose, the beneficial action of the wings 

f _T 

appears to die out, and the decrease of the p £ -- 4 - parameter is 

p* s 

practically stopped until the curves meet the ecreon-b&ffie curve 
at about an X/S of 30. This say be regarded as further evidence of 
the beneficial action of the wings in promoting temperature mixing, 
end of the poor action of the screens in even allowing normal 
temperature mixing to proceed. 
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Ko reasonable explanation has been found for the apparent 



effect of the screens, in actually retarding axial te*oerature 
nixing, when compared to the no-bsffle configuration. 

uxi.g effbcii YKFSSS 

In order to qualitatively correlate the mixing attained 
at a particular X/B station, at the expense of pressure drop resulting 
for the various configurations, a ”sixing effectiveness 3 paraajoter 
has been devised, this parameter my be defined as the ratio of the 
percent axial mixing attained, at a particular X/B station, to the 
static pressure drop at that X/P position. The mixing attained is 
based on centerline approach of the prinory stream velocity or 
temperature to the secondary stream velocity or temperature; i.e. , 



as the difference between the corrected static pressure at X/D = 0 
and the corrected static pressure at the particular X/D. Bivision 
by the primary air dynamic pressure value at X/B z 0, Y/i> = 0, 
makes the pressure drops dimensionless and comparable. Figs. 7, 

8, and 9 aro plots of the static oresstires corrected for changing 
duct length, as previously described, versus X/B position, for the 
baffles located at 1, 4, and 7 X/B stations respectively. 



percent oixi 




The pressure drops at a particular X/B station are taken 



Table 1 ia a tabulation of the percent centerline mixing 
as read from the faired curves of Figs. 5, 1?, and 14 for velocity. 
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and from Figs. 6» 15, and 16 for temperature. The pressure drops 
recorded are the values read from the curves of Figs. ?, 8, and 9. 

The values of the "mixing effectiveness" parameter, as then confuted 
and tabulated in the table, are shown in Fig. 1? for velocity and 
Fig. 13 for temperatures, for various X/R stations. 

Due to the large pressure drops resulting from use of the 
screen conf igurstions, these baffles oroduced very low values of 
the mixing parameter for both velocity and temperature mixing. 

Their values are not individually plotted, but are shown as e range 
of values on the graphs. 

The no-baffle configuration naturally shows a relatively 
high value of mixing effectiveness, due to the lev values of pressure 
drop. 



The wing-baffles, located at X/D - 4, is the only baffle 
configuration that makes & better showing than tho no-baffle run. 
The wing-baffle at X/B = 1 produced too high a static pressure at 
tho zero position with resulting greater drop, nr»d the wings et 
x/D z 7 position, while having pressure drops comparable to the 
wings at X/D - 4 position, was too slow in giving a good value for 
centerline mixing. 

It is noted that, as far as velocity mixing is concerned, 
the wing-baffles, at X/R s 4, gives higher values of "nixing 
effectiveness" than any other configuration, including the no- 
baffle run, between the X/R positions of 8 and 13. short duct 
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length with adequate mixing is desirable in practical nixing 
applications, it say be inferred that the wing-baffles can prove 
advantageous in reducing mixing chamber length without producing 
excessive pressure losses. 

Inspection of Fig. 18, the mixing effectiveness curve 
for temperature mixing, shows that none of the baffled runs are 
e» effective as the no-baffle arrangement except between X/p values 
of 3 and 9. In this narrow range, the wing-baffle, located at 
X/C = 4, has the higher mixing effectiveness value because of the 
shorter potential core of temperature. Beyond station 9, the 
pressure drop associated with the baffle, allows the no-baffle run 
to display the highest mixing effectiveness values. 

Inspection of the static pressure curves for the wing- 
baffle cor.f igurations shows that the large pressure drop immediately 
downstream of the baffle is partially recovered within two inches 
aft of the bafflo location, and that the pressure rise ahead of the 
baffle is at its lowest value about one inch ahead of the baffle. 
Thus, if tiie wing-baffles were located at an X/B of about 2, the 
potential core would bo shortened fro n the value at the X/D “ 4 
baffle location, to a value near to that attained with the baffles 
at X/B = 1. The mixing attained at the lower value of X/l) would 
be correspondingly increased, and the difference between initial 
static pressure and pressure at X/D stations of 3 or 4 end beyond, 
would not be excessive. Renco, wing-baffles located at an X/D of 
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about 2 would probably shew considerably better mixing effectiveness 
values at the smaller, sore important X/ 1) stations, than the no- 
baffle configuration. 

Obviously, the individual values of mixing effectiveness 
as reported herein, are of no quantitative value. The fact that 
tho magnitudes of static pressures as censured were so small, and 
of questionable accuracy* places considerable doubt on even the 
relative magnitudes of corrected pressure differences, division by 
the difference of tvu already oirall numbers, es required in the 
mixing effectiveness calculations. Is not conducive to accurate and 
really comparable results. A much higher total pressure level for 
running the testa would be required to produce true, reproducible 
values for pressure losses. Such higher pressure levels were not 
attainable with the available equipment, as explained in the 
Procedure section. 

In practical applications, a more realistic “miring 
effectiveness* parameter should give more weight to miring attained 
at snail X/D values, and less weight to the pressure drops 
resulting, depending on the losses that can be tolerated in order 
to attain short nixing chambers. It is believed that the vinr type 
baffle conf iguration, however, has been proven to be worthy of 
further 3tudy and investigation. 



CONCLUSIONS A8D .iTCO-K^IATIOJS 



Temperature and velocity surveys of the siring region 
forced by n cold air stress?, surrounding and concentric v?ith a hot 
gas stream, under steady flow conditions, have been conducted. 

-hres different baffle arrangements, each tested independently at 
three positions in the mixing region, are compared with a non- 
baffled configuration as to temperature and velocity mixing effective- 
ness. The average velocity ratio of secondary stream (cold) to 
primary stream (hot), during the tests was about 0.4, at s Reynolds 
number of 57,000, baecd on the primary flow orifice diameter of 
one inch. 

In terms of the approach of centerline velocity values 
to the velocity of the surrounding secondary stress, the screen 
baffles and the wing-plus-screen baffles, produced the best velocity 
nixing, if the resultant static pressure losses are ignored. In 



which is defined as the ratio of the centerline mixing attained to 
a dimensionless pressure drop required, the stub wing baffles, located 
four inches from the beginning of the mixing region, is the only 
baffle arrangement to give a higher value of mixing effectiveness 
than the no -baffle configuration. These higher values occur at 
the smaller %/B values, the dimensionless distance from the beginning 
of the mixing region. 



terms of a "mixing effectiveness" parameter. 
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using stub wing ‘‘turbulence promoters" be unde. Relocation of the 
baffles to an X/D of 2 % variation of angle of attack of the wings 
from the ten degrees used, and variation in the span of the wings 
might well produce hotter mixing with a smaller pressure drop than 
was found in this investigation. 
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Tig, 2-a Engine, ‘blower, and manifold 
(The test set-up shown is not part of this experiment) 




Pig, 2-b 



Heating Unit 




Fig, 2-c Test section and instrumentation 




Fig, 2-d Control panel for engine operation 




Fig, 2-e Component parts of the baffles 




Fig, 2-f Wing baffles located in test section 
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SAMPLT CALCyLATlOh'S 



1. Mass Hate of Air Plow 



fix© equation used to determine 
primary and secondary orifices, 
V = 0.668 Arj JU5T 

a* 




mass rate of air flow, for the 
was: 

(See Ref. 19}. 



where 



w - Mass flow in lb. per sac. 

4-> = throat area in square inch. 

K s Plow Coefficient, based on type of pressure taps, 

Reynold's Humber, pipe diameter, and orifice diameter. 
R s Area multiplier for thermal esrmnsion of the orifice 
plate. 

Y s Ks^irical expansion factor. 

f * Upstream density of flowing air. 
p = Pressure drop across the orifice plate in pal. 
for the primary orifice, measuring pressure ? in in. Eg.,** 9 In 
in. KjsO, and T in degrees B&nkine, the mss flow equation 
becomes s 
K = .0734 

Similarly for the secondary orifice, the equation is: 

V s 2.5 2 




?. Velocity Determination 

Dynamic pressure, q» s hf V^; ©xoressin/r q in Inches HgO, pressure 
p in inches Hr., temperature ? in °1, the velocity in ft. per 
see., becomes: u = 15. S? 
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3. Dynamic pressure error due to changing duct length: 

Given, from experimental determination: 

For duct length of 72 inches, 

absolute static pressure, at X/D = 10, : 407.6 in. H^O. 

dynamic pressure q, at X/D = 10, : 1.7 in. Kj>0. 

For duct length of 62 inches, 

absolute static pressure, at X/J> = 10, : 407.3, in. EgO. 

Find dynamic pressure, q, at X/D = 10. 

Equating ms a rates of air flow, and expressing velocity in 

terns of q, and density in terms of p, R, and T, there is 
obtained: “ ^72^72* r0Dec &erin£ that H, !, and 

A, cross-sectional duct area, remain unchanged as duct 
length is changed. 

Substituting experimental vplues for q^p, p^g, and pg. , the 

dynamic T>res9ure, q*-, is: 1.7 X 407.6 's 1.7 in. HgO 

407.3 

Shat is, negligible error is introduced into dynamic 
pressures and velocities by changing duct lengths. 

4. Theoretical pressure drop due to mixing: 

From conservation of momentum: p / y? r - p / 2q 

Or, in terms of experimental areas in in.' • and letting 

subscripts 1 and 2 refer to states before and after 

mixing, subscript o for primary, and s for secondary: 

(p^ ^ 2q-i_)(l — . 785 ) (pj j 1 * ) ( » 7.65 / — pp Qjj* 

34.7 * 34.7 



. 
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^©arranging and simplifying: 

P x - Pg = - 1.95q lf - 0.045q lt} 

Substituting average experimental values for the no- 
baffle configuration, q n - 1,8* q n - 1.6, and = 5.90, 
(all in inches of water), and solving for tho pressure 
drop due to mixing, 

Pl - pg - 0.21 in. HpO. 

5. Heynold' s ITtmber Calculation: 

- / 71 , where f is density of primary air, upstream of 
orifice, V is velocity of primary air through primary 
orifice area* 1 is diameter of primary orifice* and /** is 
viscosity s 

10^ ft.^ 

Solving for the value is 57 ,<y*0. 

'X'his value checks accurately the value found using the 



chart in £ef. 19. 
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